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1973;	 Huang	 &	 Bernardi,	 2001;	 Bernardi	 et al.,	 2003).	 Presently,	
gene	 flow	between	Pacific	and	Gulf	populations	may	be	 limited	
by	physical	and	physiological	barriers	(Huang	&	Bernardi,	2001).	



















evidence	 of	 disjunction	 between	 the	 subpopulations	 inside	 and	
outside	the	Gulf	of	California	were	reported	(Lecomte	et al.,	2004).	
Considering	that	the	mtDNA	control	region	shows	larger	variation	




genetic	 homogeneity	 between	 the	Gulf	 of	California	and	South-
ern	California	and	 to	 reconstruct	 the	evolutionary	history	of	 the	
Californian	 anchovy	 E. mordax	 using	 the	 mtDNA	 hypervariable	
control	region.
MATERIALS AND METHODS
Samples	of	adult	E. mordax	were	collected	at	 two	sites	 (n	=	40	





DNA	 was	 extracted	 (Taggart	 et al.,	 1992).	 Concentrations	
were	standardized	to	0.05	µg/µL	before	performing	PCR.	A	frag-
ment	of	551	base	pairs	(bp)	of	the	control	region	of	mtDNA	was	
amplified	 with	 primers:	 FCR2	 (5’-ATTTCTGGCCTCTGGTTCCT-3’)	









(1%)	 and	 visualized	 with	 SybrGold™.	 Products	 with	 good	 qual-
ity	and	quantity	were	cut	from	the	gel,	purified	(QIAGEN	Gel	Ex-
traction	Kit™)	and	sequenced	in	both	directions	in	an	automatic	
sequencer	 ABI	 Prism	 3730XL	 (Macrogen,	 Korea),	 obtaining	 two	






















tide	 diversity	 (π)	 and	 nucleotide	 polymorphism	 (θ).Tajima’s	 test	
was	 performed	 using	 DnaSP,	 vers.	 5.10.	 (Rozas	 et al.,	 2003)	 to	
determine	if	mutations	are	selectively	neutral	(Tajima,	1989).	Pop-











Temminck	 &	 Schlegel,	 1846	 (GenBank	 AB040676)	 as	 outgroup.	
We	estimated	the	time	of	differentiation	between	haplotypes	(by	
nucleotide	substitution)	on	a	molecular	clock	of	3.6%	per	million	










of	 7.2	×10–8	per	 generation	 (2µ)	 was	 obtained	 considering	 3.6%	
per	million	years	 (3.6	×	 10–8)	multiplied	by	 two,	 the	generation’s	





The	 fragment	 of	 the	 mtDNA	 control	 region	 of	 80	 individuals	 re-
sulted	in	21	variable	sites	that	defined	24	haplotypes,	of	which	20	
(83%)	 were	 unique	 haplotypes	 for	 one	 or	 another	 location.	 The	
three	most	frequent	haplotypes	were	shared	with	similar	frequen-
cies	between	 the	 two	 locations	 (Table	1).	Tajima’s	 test	showed	
that	all	mutations	were	selectively	neutral	(p	>	0.05).
Despite	 the	 large	 number	 of	 private	 haplotypes	 for	 each	
locality	 and	 the	 slightly	 higher	 diversity	 in	 the	 Gulf	 of	 California	
(Table	2),	genetic	differentiation	between	localities	was	not	sig-
nificant	 (FST	 =	 –0.0025,	 p	 =	 0.686).	 The	 AMOVA	 test	 showed	 the	
highest	statistical	variation	 in	component	within	subpopulations	

















and	 at	 both	 locations,	 and	 the	 observed	 values	 fitted	 simulated	























Hedgecock	et al.,	1989;	Hedgecock	et al.,	1994;	Díaz-Jaimes	et al.,	






















































Freq % Freq %
6 15 37.5 20 50.0 C G T T A G C A G C T T T A T G T T A G C
18 7 17.5 4 10.0 · · · · · · · · · T · · · · · · · · · · T
2 5 12.5 6 15.0 · · · · · · · · · · · C · · · · · · · · ·
5 1 2.5 2 5.0 · · · · · · · G · · · · · · · · · · · · ·
1 1 2.5 — — — — · · · · · · · · · C · · · · · · · · ·
3 1 2.5 — — · · · · G · · · · · · C · · · · · · · · ·
4 — — 1 2.5 · · · · G · · · · · · · · · · · · · · · ·
7 — — 1 2.5 · · C · · · · · · · · · · · · · · · · · ·
8 1 2.5 — — · · · · · · T · · · · · · · · · · · · · ·
9 — — 1 2.5 · · · · · · · · · · · · · · · · · · G · ·
10 — — 1 2.5 · · · · · · · · · · · · · · · · C · · · ·
11 1 2.5 — — · · · C · · · · · · · · · · · · · · · · ·
12 — — 1 2.5 · · · C · · · · · · · · · · · · · · · T ·
13 1 2.5 — — · · · · · · · · · · · · · · C · · · · · ·
14 1 2.5 — — · · · · · · · · · · · · · G · · · · · · ·
15 1 2.5 — — · · · · · · · · A · · · · G · · · · · · ·
16 1 2.5 — — · · · · · · · · A · · — · · · · · · · · ·
17 — — 1 2.5 · · · · · · · · A · · · · · · · · · · · ·
19 1 2.5 — — · · · C · · · · · T C · — · · · · · · · T
20 — — 1 2.5 — — · C · · · · · T · · · · · · · · · · T
21 — — 1 2.5 · · · · · · · · · T · · · · · · · C · T T
22 1 2.5 — — · · · · · · · · · T · · · G · · · · · · T
23 1 2.5 — — · · · · · · · · A T · · · · — — · · · · T




























associated	with	 it	 (H18–H24),	despite	being	 the	oldest	 lineages,	
were	less	successful	than	HAP6.
Also,	the	estimates	of	expansion	time	would	permit	hypoth-
esizing	 that	 previous	 of	 the	 last	 glaciations,	 E. mordax	 showed	
rapid	population	growth	in	the	Gulf	of	California	73,911	years	ago	






∼290,000	 years	 (95%	 CI	 between	 144,000	 and	 447,000)	 obtained	
by	Lecomte	et al.	(2004)	for	the	same	species,	one	half	of	an	or-





tion	 (data	 not	 shown)	 and	 mismatch	 distribution	 pattern	 sug-
gested	that	last	glaciations	hypothesis	might	not	be	the	only	event	
that	explains	gene	flow	in	E. mordax	between	Gulf	and	Southern	
California.	 In	 previous	 studies	 where	 gene	 flow	 has	 been	 rees-
tablished	 after	 divergence	 of	 populations	 into	 distinct	 clades,	 a	
bimodal	pattern	of	mismatch	distribution	has	been	reported	(Vi-




tween	 sites	 probably	 suggests	 a	 first	 indication	 of	 independent	
demographic	histories,	in	addition	to	the	large	number	of	private	
haplotypes.	 But	 such	 complete	 divergence	 in	 populations	 of	 E. 
mordax	 into	 distinct	 clades	 was	 not	 demonstrated,	 probably	 by	
insufficient	sample	size	or	because	the	post-glacial	water	heating	
process	around	the	tip	of	the	Baja	California	Peninsula	is	a	very	





potheses	 to	explain	genetic	homogeneity	 in	E. mordax	between	

















n 40 40 80




h 0.826 0.728 0.776
π 0.003 0.002 0.003
θ 0.005 0.006 0.008
D –1.143 –1.577 –1.638
P >0.1 >0.05 0.10	>	p	>	0.05
Historic	demographic	parameters
τ 2.416 1.420 1.408
θ0 0.016 0.000 0.629
θ1 8.129 9.954 6.998
T 36,955 21,720 21,537
T ’ 73,911 43,441 43,074
Nf0 245 0 9,621
Nf1 124,342 152,258 107,042
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contrast	 to	 this	 idea,	 fish	 scales	 in	 anaerobic	 sediments	 of	 the	











current	 waters	 may	 even	 enter	 the	 Gulf	 of	 California	 (Robles	 &	
Marinone,	 1987).	 Although	 the	 surface	 temperatures	 observed	
by	Hammann	&	Cisneros	(1989),	were	relatively	warm	(22-28	°C)	





Ongoing Gene Flow. Ongoing	 gene	 flow	 between	 the	 two	
regions,	as	described	in	other	fish	species,	could	be	explained	by	
two	mechanisms	acting	together	or	independently.	The	first,	eggs	












trum	 of	 signals	 coming	 from	 the	 Pacific	 Ocean.	 Descriptions	 of	
the	surface	circulations	in	the	Gulf	of	California	suggested	inflow	
in	 summer	 and	 outflow	 in	 winter.	 In	 the	 inner	 mouth	 there	 is	 a	






existence	 of	 possible	 dispersal	 mechanism	 during	 winter.	 Then	
it	might	suggest	no	larval	dispersal	around	San	Lucas	Cape,	be-
cause	 the	 presence	 of	 fronts,	 mesoscale	 structures	 or	 thermal	

































































The	 more	 plausible	 mechanism	 of	 ongoing	 gene	 flow	 is	
through	adult	fish	at	greater	depth,	perhaps	through	a	submerged	
isothermal	 between	 these	 two	 regions	 (Rocha-Olivares	 et al.,	
1999),	 based	 on	 the	 large	 capacity	 of	 displacement	 reported	 in	
E. mordax	 in	 the	 center	 of	 its	 distribution	 range	 (Haugen	 et al.,	
1969),	since	it	has	been	reported	at	>200	m	depth	as	adult	(White-
head	et al.,	1988),	and	because	E. mordax	spawns	during	spring	
and	 summer	 in	 Pacific	 Ocean	 and	 during	 autumn	 and	 winter	 in	
the	Gulf	of	California	 (Nevárez-Martínez	et al.,	2006).	Under	 this	




Bay	 (Zaytsev	 et al.,	 2003),	 recuperate	 and	 reproduce	 with	 indi-














recent	 dispersal	 in	 the	 evolutionary	 history	 of	E. mordax	 during	
the	 last	 glaciation	 could	 contribute	 to	 gene	 flow,	 but	 is	 not	 the	
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